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This office action is response to the RCE filed on 2/15/08. 

Response to Applicant's Arguments 

1 . The applicant argued in the last reply (filed on 12/8/07), that Hayes does not 
disclose average slope angle , of the sidewall of fine pattern, information of a ratio of a 
bottom roundness of the fine pattern and information of a ratio of too roundness . The 
examiner would like to point out in Hayes, paragraph 44 to 49, equation 2, is the 
equation use to calculate the average slope angle, Hayes discloses image information 
includes information of average slope angle of a side wall of the fine pattern (see 
paragraph 44 to 49, equation 2, is the equation use to calculate the average slope 
angle); and see paragraph 40 where it discusses the information of a ratio of bottom 
roundness of the fine pattern and information of a ratio of top roundness of the fine 
pattern and information of a ratio of top roundness of the fine pattern which are 
quantified by using information of a first-order differential waveform (see paragraph 40). 
The examiner read 'ratio' as any constant number because the claim does not call for a 
division operation, another words, for example, ratio of X to Y, where X and Y are 
defined parameters. 

2. On page 12, the applicant challenged the official notice; the examiner cite Gibas 
(US pat no 5,675,377); Gibas discloses displaying three-dimensional shape of an object 
after the three-dimensional shape obtaining process (see figure 1 , images are taken at 
element 12, then processed / manipulated in 66 and then display in 76). 
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Claim Objections 

Claims 5, 10, 14 and 17 are objected to as being dependent upon a rejected 
base claim, but would be allowable if rewritten in independent form including all of the 
limitations of the base claim and any intervening claims. 

With regards to claim 5, the examiner cannot find any applicable prior art and/or 
suggestions the information of the ratio of bottom roundness of the fine pattern is 
quantified by using information of the first-order differential waveform of the ratio of the 
bottom roundness B/H, where B is the width between a rising point corresponding to a 
bottom and a maximum point, and the information of the ratio of top roundness of the 
fine pattern is quantified by using information of the first-order differential waveform of 
the ratio of the top roundness T/H, where T is a distance between a minimum point and 
a starting point of a flat portion corresponding to the top of the electron beam image 
signal in combination with the rest of the limitations of claim 1 . 

With regards to claims 10, 14 and 17, see the rationale for claim 5. 

DETAILED ACTION 
Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 
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(a) A patent may not be obtained though the invention is not identically disclosed or deschbed as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the phor art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. Claims 1 - 4, 8, 9 and 16 rejected under 35 U.S.C. 103(a) as being unpatentable 
over Houge (US pat no 6,651 ,226) in view of Hayes (US pub no 2003/0108235). 

With regards to claim 1 , Houge discloses a method of measuring a three dimensional 
shape of a fine pattern formed on a substrate, comprising the steps of 

obtaining height information about the fine pattern by optically measuring the 
substrate (see fig 5, element 14, 26 and 32, scatterometer obtains the height 
information of the substrate, col. 7 lines 39 - 51 ); 

obtaining electron beam image information about the fine pattern by imaging the 
substrate by means if an electron microscope (see figure 5, elements 12 and 18, 
electron microscope obtains an image of the substrate, li(x,y), column 6 lines 27 to 37); 
and 

measuring the three dimensional shape of the fine pattern by use of the height 
information and the electron beam image information (see figure 5, elements 36 and 38 
the image of the substrate and the height information of the substrate are combined to 
obtain the shape of the substrate, which is in three dimensional, column 7 lines 52 to 
66). 

Hogue does not disclose quantifying the values of the slope and roundness of the 
shape of the object. 
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Hayes discloses semiconductor image information includes information of average 
slope angle of a side wall of the fine pattern (see paragraph 44 to 49, equation 2, is the 
equation use to calculate the average slope angle), information of a ratio of bottom 
roundness of the fine pattern and information of a ratio of top roundness of the fine 
pattern and information of a ratio of top roundness of the fine pattern which are 
quantified by using information of a first-order differential waveform (see paragraph 40). 
One skilled in the art would quantified the values of the slope and roundness of the 
shape of the object because the numerical value of the characteristics of the shape of 
the object can be saved and retrieve using these numerical values, which save storage 
space compared to storing entire image of shape image. 

With regards to claim 2, Houge discloses a method of claim 1 , wherein a test pattern is 
formed on the substrate, and the height information about the fine pattern is obtained 
from height information about the test pattern determined by optically measuring the test 
pattern (see column 7 lines 48 to 49, the height information is obtained by 
scatterometry, which measures amount of light scatter on or surrounding sensor). 

With regards to claim 3, Houge discloses a method of claim 1 , wherein the height 
information about fine pattern is obtained from information obtained from scatterometry 
(see column 7 lines 48 to 49). 
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With regards to claim 4, Houge discloses a method of claim 1 , wherein the electron 
beam image information about the fine pattern includes plane information about the fine 
pattern (see figure 1 , is an example of a semiconductor wafer image taken by the 
electron microscope, which provides plane information) and side slope change 
information about the fine pattern (see figure 2A, provides the slope for each cross 
section of the wafer, which is located by the edge) and a three dimensional shape of the 
fine pattern is measured by combining the plane information and side slope change 
information with the height information about the fine pattern (see figure 5, 34 where the 
electron beam microscope image information and scatterometer height information are 
combined to create a three dimensional image, figure 5, element 16, column 8 lines 49 
to 55). 

With regards to claim 8, see the rationale and rejection for claim 1 . In addition, the first 
pattern is individually form from each cross section, which is examined (see figure 7). 

With regards to claim 9, see the rationale and rejection for claim 1 . 

With regards to claim 16, see the rationale and rejection for claim 1 . 

2. Claim 1 1 is rejected under 35 U.S.C. 103(a) as being unpatentable over Houge 
('226) in view of Hayes ('235) and Gibas (US pat no 5,675,377). 
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With regards to claim 1 1 , Houge discloses a method of measuring a three dimensional 
shape of a fine pattern formed on a substrate, comprising the steps of 

obtaining height information about the fine pattern by optically measuring the 
substrate (see figure 5, element 14, 26 and 32, scatterometer obtains the height 
information of the substrate, column 7 lines 39 to 51); 

obtaining electron beam image information about the fine pattern by imaging the 
substrate by means if an electron microscope (see fig 5 - 12 and 18 - electron 
microscope obtains an image of the substrate, li(x,y), col. 6 lines 27 - 37); and 

measuring the three dimensional shape of the fine pattern by use of the height 
information and the electron beam image information (see figure 5, 36 and 38, the 
image of the substrate and the height information of the substrate are combined to 
obtain the shape of the substrate, which is in three dimensional, column 7 lines 52 to 
66). 

Houge does not explicitly disclose displaying three-dimensional shape of the substrate 
on a screen. Gibas discloses displaying three-dimensional shape of an object after the 
three-dimensional shape obtaining process (see figure 1, images are taken at element 
12, then processed / manipulated in 66 and then display in 76). One skill in the art 
would want to display a three dimensional model of a semiconductor wafer substrate is 
because to show the user / operator any defect on the wafer, so the user / operator may 
take proper steps to correct the defect. 

Hogue does not disclose quantifying the values of the slope and roundness of the 
shape of the object. 
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Hayes discloses semiconductor image information includes information of average 
slope angle of a side wall of the fine pattern (see paragraph 44 to 49, equation 2, is the 
equation use to calculate the average slope angle), information of a ratio of bottom 
roundness of the fine pattern and information of a ratio of top roundness of the fine 
pattern and information of a ratio of top roundness of the fine pattern which are 
quantified by using information of a first-order differential waveform (see paragraph 40). 
One skilled in the art would quantified the values of the slope and roundness of the 
shape of the object because the numerical value of the characteristics of the shape of 
the object can be saved and retrieve using these numerical values, which save storage 
space compared to storing entire image of shape image. 

3. Claims 6, 7 and 18 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Houge ('226) and Hayes ('235) as applied to claim 1 further in view of Lorusso (US 
pat no 6,930,308). 

With regards to claim 6, an extension to rejection of claim 1, Lorusso also discloses the 
electron microscope comprises a plurality of reflected electron detectors, the electron 
beam image information about the fine pattern is information obtained from a plurality of 
electron beam images detected by the plurality of reflected electron detectors (see fig 
14A and 14B - each rectangular cubed objects are deflectors, which detects electron 
beam, col. 5 lines 25 - 30). One skill in the art would include a plurality of electron beam 
detectors each positioned at an angle different from each other because to obtain the 
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disparity between each obtained image in order to improve depth map and three 
dimensional image calculation of the object as compared to a single two dimensional 
image. 

With regards to claim 7, an extension to rejection of claim 6, Lorusso also discloses a 
three dimensional shape of the fine pattern is measured on the principle o photometric 
stereo processing by use of a plurality of the electron beam images detected by the 
plurality of reflected electron detectors (see fig 9 showing cross section signal received 
for each detectors at zero and two degrees, fig 10 shows cross sections for all the 
images obtained, fig 1 1 shows the resulting stereo image combined from all the 
individual signal received by the detectors). 

With regards to claim 18, see the rationale and rejection for claim 12. 

4. Claims 12, 13 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Houge ('226) and Hayes ('235) and Gibas ('377) as applied to claim 1 1 further in 
view of Lorusso (US pat no 6,930,308). 

With regards to claim 12, see the rationale and rejection for claim 1 1 . 
With regards to claim 13, see the rationale and rejection for claim 3. 
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With regards to claim 15, see the rationale and rejection for claim 5. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to ALEX LIEW whose telephone number is (571)272-8623. 
The examiner can normally be reached on 9:30AM - 7:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Matthew Bella can be reached on (571) 272-7778. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Matthew C Bella/ 

Supervisory Patent Examiner, Art 

Unit 2624 

Alex Liew 

AU2624 

3/18/08 
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